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SUMMARY 
From a meteorological standpoint, the present proce-
dure for choosing between two or more possible sites for 
nuclear power plants is of a qualitative nature. This thesis 
presents a quantitative approach using only the topography of 
the proposed site: and nearby airport wind data. The results 
of the research indicate that the technique is valid and that 




Statement of Problem 
Choosing a site for a nuclear power plant requires 
the attention and skills of individuals from a number of 
engineering and scientific disciplines. Along with conven-
tional siting criteria such as availability of land, water, 
labor supply and proximity to market, other factors must also 
be considered. These other factors are of an environmental 
nature and include, among others, the geology, seismology, 
hydrology, and meteorology of the proposed site. Each of 
these criteria must be considered in detail and a written 
report concerning them presented to the National Regulatory 
Commission (NRC) for approval. 
Compared to other commercial power plants, nuclear 
plants impose unique requirements for safety precautions. 
This is due, in part, to the extreme toxicity of materials 
contained in the reactor core. During routine operation, 
small quantities of radionuclides are released to the atmo-
sphere. The federal government has therefore placed strin-
gent standards on gaseous effluents released from such plants. 
According to 10 CFR Part 20, Section 20.1(c) releases must 
be kept as low as practicable (ALAP) and Appendix 1 to 10 CFR 
Part 50 provides numerical guidance for the effluents from 
light water cooled reactors. In addition, the power plant 
must meet the requirements of the Clean Air Amendments of 
1970; however, due to the nature of nuclear plants this is 
not likely to be an important consideration. Although only 
gaseous effluents have been discussed here, there are also 
standards for liquid effluents and solid wastes. 
Concerning accidental release of radioactive gases 
and particulates, federal government document 10 CFR Part 
100 requires that an exclusion zone (EZ), low population zone 
(LPZ), and the distance to the nearest population center be 
defined for each nuclear plant. This is due to the fact that 
any radioactive effluents release ionizing radiation which 
can be deposited in human tissue. A measure of the amount 
of energy deposited is the rem. The document further states 
that the radiation dose to a person standing anywhere on the 
EZ boundary for two hours following a major accident should 
not exceed a whole body dose greater than 25 rem or a thyroid 
dose greater than 300 rem from iodine. In addition, a person 
standing anywhere on the outer edge of the LPZ should not re-
ceive a whole body dose greater than 25 rem or a thyroid dose 
greater than 300 rem from iodine during the entire passage of 
the radioactive cloud caused by the accident. The population 
center distance must be at least one and one-third times the 
distance from the reactor to the outer boundary of the LPZ. 
These three factors are required in order that the radiation 
dose to the population surrounding the plant be kept at a 
minimum during a postulated credible accident. 
The meterological characteristics of a site will de-
termine, to some extent, the design and operating procedures 
for the proposed nuclear station. This is a logical conse-
quence of the fact that meteorology is a function of nature 
and cannot be manipulated to any great degree. The plant 
design, however, can be modified and additional safety fea-
tures installed to reduce emissions to ALAP. The plant can 
also be sited in an area with an acceptable EZ, LPZ, and 
population center distance. 
Nuclear plants at present produqe only a small frac-
tion of the electric needs for the U. S. By the year 2000, 
it is estimated that nuclear plants will account for the bulk 
of electrical production in this country (Figure 1). Con-
sidering the state of technology and the limited sites avail-
able for their exploitation, solar energy, wind energy, geo-
thermal, tidal, and even hydroelectric power are not capable 
of producing a large block of the U. S. power demand. The 
choice as to type of plant will then generally lie between 
fossil fuels (coal, oil, gas) and nuclear plants. Fossil 
fuel plants are having difficulty meeting air quality stan-
dards and are finding fuels more difficult and expensive to 
acquire. This will probably accelerate the trend toward use 
of nuclear power. 








































Figure 1. Projection of United States Elec t r ic Power Capacity 
it is then faced with the problem of selecting a site which 
meets the general selection criteria. Generally, the com-
pany will know the approximate electrical capacity of their 
proposed plant and the region in which they wish to place it. 
They may also have as many as ten or more possible sites 
within the given region. From a strictly meteorological 
viewpoint, the problem would be to determine how each site 
ranks in comparison to the others. 
Site Selection Considerations 
In any region, the climatology will vary little from 
one section to another. There will be approximately the 
same amount of precipitation, number of tornadoes, storms, 
fogs, sunny days, and other such variables. These things are 
all considered when designing the plant. However, a climato-
logical study does little in the way of aiding in the actual 
site selection. The plant location can only be chosen by 
comparing the particular characteristics of each site. 
The present procedure for recommending the best site, 
meteorologically, is of a qualitative nature. It consists of 
first determining the climatology of the region, as mentioned, 
then of examining all available data for each proposed site. 
This data would generally consist of topographic maps and 
wind data from some nearby gathering station. The Holzworth 
(1972) mixing study would also be utilized in the initial 
process. 
Factors Affecting Diffusion 
The diffusion of effluents from the proposed nuclear 
plant v/ill be dependent upon mean wind speed and direction, 
and the mechanical and thermal turbulence of the ambient 
atmosphere. The mean wind speed and direction will determine 
the rate and direction at which the effluents will travel to 
any receptors. Along with rate of travel, the wind speed 
will affect the concentration of effluent in the downwind 
direction. For a constant emission rate, a higher wind speed 
would indicate that more air passes by the source than at 
slower speeds. Therefore, the effluent is diluted into a 
larger volume of air. 
Turbulence is an indicator of the variability of the 
wind from the mean values. There are velocity components in 
all directions having a random assortment of scales and pe-
riods. These deviations from the mean define turbulent 
eddies which affect any plant effluents in their vicinity. 
If the size of an eddy is larger than an effluent plume then 
the eddy will move the plume and thus contributes to the mean 
motion. If the eddy is smaller than the plume, then it will 
diffuse it and the eddy is therefore considered turbulent. 
Mechanical turbulence is the induced eddy structure 
of the atmosphere due to the roughness of the surface over 
which the air is passing. Grass, trees, buildings, topo-
graphic features, and any other surface characteristics will 
cause mechanical turbulence. The height, spacing, and over-
all size of the roughness elements will affect the turbu-
lence. 
When the topography of the site is rough or hilly, the 
air passing over it will rise and fall in response to the 
surface undulations. This induces vertical turbulence. 
Since the air will also flow around some objects, horizontal 
turbulence is also generated. In either case, the mechanical 
turbulence will increase with wind speeds and decrease with 
height as the effect of the surface lessens. 
Thermal turbulence is that induced by the stability of 
the atmosphere (see Appendix A for a discussion of stability) 
When the sun's radiation warms the earth's surface, the air 
near the surface becomes warm and rises. As this warm air 
rises the cooler air above it settles, only to be warmed and 
rise in turn. The atmosphere is said to then be unstable in 
this case. The intensity of thermal turbulence is greater on 
bright, sunny days with low wind speeds. 
Atmospheric Dispersion Estimates 
The stability of the atmosphere is an indicator of 
turbulence in general. The greater the turbulence the more 
an effluent is dispersed in the atmosphere. Pasquill (1961) 
derived some basic procedures to be used in making dispersion 
estimates. These were later modified by Gifford (1961). 
This technique is now recommended and used by the NRC and 
other regulatory agencies. 
The procedure assumes any effluents are released 
either at ground level or from an elevated source into a 
normal x, y, z coordinate system. The x axis lies in the 
direction of the mean wind, the y axis lies perpendicular to 
the X and both lie in the horizontal plane. The z axis lies 
perpendicular to x and y and in the vertical plane. Figure 
2 illustrates the coordinate system. 
Equation 1.1 defines the concentration, x, of gas or 
aerosols at a point in space x, y, z. The equation is rep-
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The term definitions and a consistent set of units are as 
follows 
X = the concentration of gas 
or aerosols at some point 
in space x,y,z (gm/m ) or (curies/m^) 
x,y,z = coordinate system 
H = effective height of emis-
sions; if effluents are 
released from a stack it 
is the sum of the physical 
stack height, h, and the 
plume rise, h" 
(m) 
(m) 
Figure 2. Coordinate System Used in lyiaking Dispersion Estimates 
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Q = the emission rate of 
effluents (gm/sec) or (curies/sec) 
a = the horizontal standard 
deviation of plume con-
centration (m) 
a^ = the vertical standard 
deviation of plume con-
centration (m) 
u = the mean wind speed at 
the height H (m/sec) 
The equation requires that two basic assumptions be 
made before any application. These are: in both the horizon-
tal and vertical planes the plume spread has a Gaussian dis-
tribution; total reflection of the plume occurs at the sur-
face of the earth, i.e. there is no deposition or reaction at 
the surface. In using the equation, a^, and a are evaluated 
at downwind distances corresponding to the value of x. Fig-
ures 3 and 4 depict the relationship between Oy and x and a 
and X respectively. 
The equation, as written, may be used to estimate the 
dispersion of pollutants other than radioactivity. For nu-
clear plants, a main point of discharge of radioactive efflu-
ents is the turbine building roof where the building air is 
vented to the atmosphere. In this case, the effluent will be 
directly influenced by the aerodynamic flow patterns around 
the building. The building will thus alter downwind concen-
trations of radioactivity. 
If it is assumed that the effluent is trapped in the 
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Distribution 
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idly mixed within this cavity. The mixing volume will be 
roughly determined by the cross-sectional area of the build-
ing and the wind speed. This is an important consideration 
for nuclear plants as it will lower the concentration of any 
routine or accidental releases at the EZ and LPZ which are 
used as the x downwind distances. Since the concentration 
will be highest along the centerline of any plume, y can be 
set equal to o. H may also be set equal to o since there is 
no stack. Equation 1.1 now becomes 
X (X, o, z ; o) 
Q 
u(TTa a + cA) y z 
exp 
-1. 
2 )1 (1.2) 
where 
c = average turbine building shape factor 
ranging from 1/2 for a relatively 
streamlined shape to 2 for a less 
aerodynamic building. 
A = cross-sectional area of the building 
normal to the wind (m^) 
and other terms are as defined previously. 
While the dispersion estimates are not often utilized 
in ranking sites, they are used once a particular site is 
selected. Dispersion estimates for the site are calculated 
assuming a flat topography (i.e. z is defined as o) and 
centerline ground level concentrations with a building wake 
factor for short term releases. This will produce the maxi-
mum concentration at downwind distances and therefore a con-
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If the wake factor is not known or x is required at distances 
where cA is insignificant compared to the irayaz term, there 
is obtained 




It has become common practice for air pollution meteor-
ologists to talk in terms of the ratio x/Q. Equation 1.4 
could then be considered as consisting of a plant term and a 
site term, respectively. The site term is dependent upon the 
site wind speed and distance to the evaluation point. The 
site term cannot be readily manipulated since it is dependent 
on nature. It may, therefore, be considered a characteristic 
of the site. For a given Q, the only way to bring x to with-
in the standards of 10 CFR 100 at the EZ and LPZ would be to 
extend the EZ and LPZ. The plant term, however can be manip-
ulated. Q may be lowered by installing better safety fea-
tures and generally improving the technology of the plant. 
Thus 10 CFR 100 could be satisfied and a minimum EZ and LPZ 
be defined. 
The ratio x/Q has meaning even if Q and cA are both 
unknown. By merely multiplying the site term by Q, the con-
centration at the site evaluation point may be computed. The 
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site term can then be used in helping to design plan oper-
ating systems and procedures. 
Purpose of Research 
It is the purpose of this research to determine a 
simplistic, quantitative approach to the ranking of two or 
more possible nuclear sites. This would enable the individ-
ual responsible for recommending a particular site to be more 
confident of his selection. The best possible site would 
imply a minimum required EZ and LPZ. It would also provide 
information regarding the amount of engineering safeguards 
required. 
Literature Review 
As mentioned earlier, the present procedure for se-
lecting nuclear sites can best be described as qualitative 
in nature. A review of pertinent literature has not dis-
closed any quantitative approaches. A number of guides, pub-
lished by the federal government, provide insights as to re-
quired emission concentrations at downwind locations, equa-
tions for calculating these concentrations, and atmospheric 
conditions to assume for calculating the highest probable 




Approach to Problem Solution 
As of December, 1972 a total of 30 nuclear plants were 
in operation, 59 were in various stages of construction, 78 
were contracted for, and 19 had been announced as future ad-
ditions to local capacities. Except for possibly some of the 
first nuclear plants, all of them have been required to file 
a Safety Analysis Report (SAR) and an Environmental Report 
(ER). Each SAR contains, along with other pertinent informa-
tion, a detailed analysis of the on-site meteorology for the 
nuclear facility. 
The meteorological analysis for a site must provide 
conservative and realistic estimates of atmospheric dilution 
at the site boundary (EZ) and the outer boundary of the LPZ. 
The calculations used to provide these estimates must include 
cumulative frequency distributions of hourly calculated atmo-
spheric dilution factors (x/Q) from onsite data using the 
minimum site boundary distance (EZ) and actual site boundary 
distances (EZ) from the effluent release point(s). The SAR 
must also list the x/Q values from each of these cumulative 
distributions that are exceeded 5% and 50% (median value) of 
the time. Each authorized nuclear plant must file this infor-
17 
mation in its SAR. 
The 5%x/Q value may be considered a pertinent meteoro-
logical site characteristic since the probability that this 
dilution factor will not be exceeded in 95%. This number is 
derived by using equation 1.3 or a slight modification of it. 
The basic computational procedure consists of calculating a 
x/Q value for each valid hour of onsite meteorological data 
for that sector and downwind distance specified which corre-
sponds to the observed wind direction. x/Q values for all 
other sectors are assumed to be zero. For the one hour re-
lease periods, all non-zero x/Q values are ranked according 
to magnitude regardless of sector. The 5% value is then 
determined from this ranking. 
Statistically, the 5%x/Q value multiplied by the emis-
sion rate, represents that concentration which will be ex-
ceeded in only one observation in twenty at the EZ boundary. 
For a given Q, x ^t the EZ boundary is totally dependent on 
the magnitude of the 5% value. Given a standard exclusion 
zone, two or more sites may be ranked on the basis of minimum 
5%x/Q values. The emission rate of a nuclear plant will, when 
that plant is in operation, affect the distance to the EZ 
boundary. However, it need not be considered when the only 
concern is the selection of the most appropriate site. 
Before a SAR will be accepted, the NRC must ascertain, 
among other things, that the concentration of effluents at 
the EZ boundary will meet the criteria of 10 CFR 100. Of the 
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plants in operation or under construction, it is known that 
the 5%x/Q at the EZ will produce values of x within the re-
quired standards, given the expected value of Q. It is, 
therefore, the intent of this thesis to derive a technique 
which will approximate the 5%x/Q value for any site. 
The technique will consist of the estimation of the 
5%x/Q values for six nuclear plants which have already filed 
a SAR. For purposes of clarity, the estimated x/Q values 
will hereafter be referred to as E values. The E values will 
be derived using only the topography and nearest airport data 
for each of the six nuclear plants. From a correspondence 
between the 5%x/Q values and the 5%E values, it may be con-
cluded that the estimation procedure is valid. Also, the 
range of 5%x/Q values for the six nuclear stations consti-
tutes a range of valid 5%x/Q values. 
The same estimation technique may then be employed to 
calculate E values for any proposed nuclear sites. For com-
putational purposes, it would be necessary to assume an EZ 
distance. This will directly affect the values of E. How-
ever, if at the assumed EZ distance, the value of the 5%E 
lies within the standard x/Q range, the diffusion character-
istics of the site will be known to be acceptable. 
The topography and nearby airport data for any loca-
tion are two easily and economically obtainable sets of in-
formation. Topography maps are obtainable from the office of 
the United States Geological Survey. Wind data, as collected 
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at airports, military bases and other meteorological gather-
ing stations, may be obtained from the National Oceanic and 
Atmospheric Administration Data Center located in Asheville, 
North Carolina. 
The topography of an individual site can give an indi-
cation of air flow patterns and increased potential for high 
pollutant concentrations. Based on climatological considera-
tions, local airport wind data should be representative of 
onsite winds, and therefore, valid for use in a first esti-
mate. The use of onsite topography in conjunction with local 
wind data should force dispersion estimates to be representa-
tive of any particular site. 
The 5%E value can be safely assumed to occur under 
either F or G stability and most likely G. These two stabil-
ities are defined as stable and extremely stable, respectively, 
and both have characteristic low wind speeds. Any effluent 
released under these conditions will not disperse readily and 
therefore locally high concentrations of the effluent may be 
expected. For this reason, it is required that the frequency 
of occurrence of F and G stability classes be known. Appendix 
B discusses further details on obtaining the required wind 
data. It also describes a technique for extrapolating the 
required F and G frequencies when the frequencies of only A 
through E or A through F stability classes are known. 
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Procedural Details 
The E values are calculated using equation 1.2. An 
EZ distance of one kilometer should be stipulated when com-
paring two or more sites. However, when calculating E for 
the six nuclear plants, the EZ distance defined in calculat-
ing the 5%x/Q value was used. The value of cA for each plant 
was also used; for site selections cA may be defined as a 
constant equal to 1000 square meters. 
Equation 1,2, modified for calculating E, becomes 
1 
^ ~ u(7Ta a + cA)^^P [ 2 ,_ 
F-i / i 2-1 (1.5) 
where 






annual average wind speed for each 
stability class independent of 
direction 
the horizontal standard deviation 
of plume concentration; it is eval-
uated at 1 km for site selections 
the vertical standard deviation of 
plume concentration; it is evaluated 
at 1 km for site selections 
building shape factor ranging from 
1/2 for a relatively streamlined 
shape to 2 for a bluff building; the 
term cA is defined as 1000 m^ when 
doing a site selection 
cross-sectional area of the building 








z = the elevation of the topography at the 
evaluation point in relation to the 
elevation of the plant; z equals the 
elevation at the evaluation point minus 
elevation at the plant site (m) 
E may be calculated using the included computer pro-
gram Estimate (ESTMAT). A listing of the program and a 
sample input and output are contained in Appendix C. ESTMAT 
was written for use on the UNIVAV 1108 computer. It calcu-
lates E for each stability class at the EZ boundary for each 
of the 16 sectors surrounding the plant. 
The first two cards are description cards. Each card 
may contain any 80 character message which will be printed as 
a heading on the output. The format for each header card is 
(20A4). The rest of the input is in NAMELIST format under 
the data set $INPUT. A description of the NAMELIST setup and 
use may be found in a computer systems manual. The following 
is a listing of the ESTMAT input and an explanation of the 
input variables: 
ESTMAT Input 




relative frequency of occurrence of each stability 
class; they must be written as percentage and in 
the order A through G 
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annual average wind speed for each stability 
class in knots 
HT = x-|̂, X2, through x-.^ 
the topography elevations above mean sea level 
in meters at the EZ boundary for each of the 
16 sectors; their order is clockwise with north 
as K^ 
PHT = the plant elevation above mean sea level in meters 
DIST = x_, x^, through x__ 
1 2 16 
the distances to the EZ boundary for each of 
the 16 sectors in meters; their order is clock-
wise with north as X2̂ ; use 1000 m when doing 
site selections 
CA = building wake factor; use 1000 m^ when doing site 
selections 
After ESTMAT has been run, the maximum value of E 
occurring under G stability is chosen. If the cumulative 
probability for G is not 5%, then it is necessary to plot, 
on log probability paper, the cumulative frequency of occur-
rence values for F and G stability against their respective 
E values. A straight line connecting these two points will 
cross the 5% probability line at the 5% value of E. This 5%E 
value is then an estimate of the 5%x/Q value for that site. 
For the six nuclear stations used in this report, both 
the 5%x/Q and the 5%E values are available. By plotting the 
5%x/Q observed values against the 5%E estimated values, the 
5%E values can be calibrated to the observed 5%x/Q values. 
The points should be plotted on log-log graph paper and the 
23 
"least-squares fit" of the points calculated. This will 
provide a best estimate of the 5%x/Q for any site once the 
5%E value for that site has been determined. 
24 
CHAPTER III 
RESULTS AND DISCUSSION OF RESULTS 
The 5%E values for the six nuclear power plants and 
for any proposed plant sites are calculated in an identical 
manner. This chapter will therefore base all results on com-
putations made concerning these six power stations. A list-
ing of the six and their abbreviations are presented in Table 
1. 
Tabular summaries of plant and site parameters pecu-
liar to each station are shown in Tables 2 through 5. Fur-
ther site statistics are included in Appendix D. Table 6 
presents the maximum E values for the F and G stabilities. 
The F and G cumulative frequency values were derived from STAR 
output as discussed in Appendix B. Summaries of the pertinent 
facts for the computation of F and G are contained in Appendix 
D. 
The values contained under the headings of "Cumulative 
Frequency" and "E" of Table 6 are plotted on log-probability 
graph paper in Figure 5. From this graph, the 5%E values 
which correspond to those of the 5%x/Q values are obtained. 
Both quantities are listed in Table 7 for each station. 
Figure 6 shows a plot of the 5%x/Q and 5%E quantities. 
The straight line through the data points indicates the 
25 
Table 1. Nuclear Stations and Their Abbreviations 
Nuclear Station 
Comanche Peak Steam Electric 
Station, Units 1 and 2 
River Bend Station, 
Units 1 and 2 
Do\jglas Point Nuclear 
Generating Station 
Greenwood Energy Ceater 
Units 2 and 3 
Aliens Creek Nuclear 
Generating Station, 
Units 1 and 2 
Surry Vower Station 



















CPSES variable 2.3 X 10"^ 
KBS variable 692.0 2.5 X 10"3 
DPNGS variable 1000.0 4.2 X 10-4 
GEC 1300.0 1000.0 2.48 X 10""4 
ACNGS variable 1095.0 3.5 X 10"^ 
SPS 503.0 645.0 7.9 X 10"^ 







































Table 4, EZ Distance and Elevation above Mean Sea Level 


























Table 5. Plant Elevations above Mean Sea Level 
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3 . 2 X 10 "̂  
1 . 6 8 X 1 0 " ^ 
1 . 4 8 X 1 0 " ^ 
4 .2 X 10"'^ 
6 .4 X 1 0 " ^ 
7 9 X 1 0 " ^ 
5%X/0 
(sec/it?) 
2 . 3 X 10""^ 
2 . 509 X 10"-^ 
4 .2 X 10""^ 
2 . 4 8 X 10""^ 
3 5 X 10""^ 
7. 9 X 10""^ 
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O 5%E, 5%x/Q 
























10 -4 10 -3 10 -2 
5%E (sec/m^) 
Figure 6. 5%x/Q versus 5%E 
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"least squares fit." An estimate of the 5%x/Q value for a 
site may be determined by computing the 5%E for the site and 




Based on data presented within this thesis, the follow-
ing may be concluded: 
1. An estimate of the 5%x/Q value for a particular 
site may be determined from an analysis of only the local 
topography and meteorology of that site. The estimate is 
defined in this thesis as the 5%E value. 
2. The meteorological suitability of two or more 
sites may be ranked either on the basis of the estimated 5%E 




This thesis has presented a quantitative method for 
site comparisons. The one basic parameter on which each de-
cision rests is the frequency of occurrence of the F and G 
stability classes. Due to economic considerations, it was 
not possible to purchase the seven stability frequency dis-
tributions for the airports near the six nuclear stations 
used in this research. It was, therefore, necessary to de-
velop the technique discussed in Appendix B. There are two 
possible routes for improving the thesis results. These are: 
1. Purchase the seven stability wind distributions 
for the local meteorological stations. 
2. Derive a more accurate procedure for estimating 
the F and G frequency of occurrence. 
Alternative two provides an interesting subject in it-
self. The determination of stability classes employing the 
technique utilized in the NOAA program STAR forces certain 
stability classes to occur or not to occur within specific 
wind speed intervals. The stability classes determined by 
use of the temperature difference or wind variability methods 
do not have this specific "interval" trait. As an example, 
using the NOAA technique, G stability can occur only between 
0.0 and 3.5 miles per hour; using the temperature difference 
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method G stability has occurred in one study at wind speeds 
as high as 18.0 miles per hour. A relevant study would then 
be to determine whether one stability classification approach 
forces the increase or decrease of the frequency of occur-






The standard method for defining the stability of the 
atmosphere is based upon the Pasquill class structure as 
listed in Table 8. For the purposes of this thesis, the sta-
bility of the atmosphere as determined in the National 
Ocenaic and Atmospheric Administration's (NOAA) computer 
program Stability Rose (STAR) will be discussed. This method 
utilizes hourly airport observations of wind speed, insolation, 
and other pertinent facts to determine atmospheric stability. 
The program outputs wind frequency distributions according to 
each stability class. A sample of the output for Norfolk, 
Virginia for A and B stability classes is presented in Tables 
9 through 12. 
A discussion of the technique employed by STAR and 
presented with each STAR output is given in its entirety on 
pages 45 through 48. 
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Table 8. Pasquill Stability Classes 
Pasquill Stability Alternate Pasquill 
Classification CI assifi cation Definition 
1 A Extremely Unstable 
2 B Unstable 
3 C Slightly Unstable 
4 D Neutral 
5 E Slightly Stable 
6 F Stable 
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The following explanation of the Pasquill 
Stability classification has been extracted from 
an article by D. Bruce Turner in the Journal of 
Applied Meteorology (1964) 
This system of classifying stability on an 
hourly basis for research in air pollution is 
based upon work accomplished by Dr. F. Pasquill 
(1961) of the British Meteorological Office. 
Stability near the ground is dependent primarily 
upon net radiation and wind speed. Without the 
influence of clouds, insolation (incoming radia-
tion) during the day is dependent upon solar 
altitude, which is a function of time of day and 
time of year. When clouds exist, their cover 
and thickness decrease incoming and outgoing 
radiation. In this system insolation is estimated 
by solar altitude and modified for existing condi-
tions of total cloud cover and cloud ceiling height. 
At night estimates of outgoing radiation are made 
by considering cloud cover. This stability classifi-
cation system has been made completely objective so 
that an electronic computer can be used to compute 
stability classes. The stability classes are as 
follows: 1) Extremely unstable, 2) Unstable, 3) 
Slightly unstable, 4) Neutral, 5) Slightly stable, 
6) Stable 7) Extremely stable. Table 13 gives the 
stability class as a function of wind speed and 
net radiation. The net radiation index ranges from 
4, highest positive net radiation (directed toward 
the ground), to -2 highest negative net radiation 
(directed away from the earth). instability occurs 
with high positive net radiation and low wind speed; 
stability occurs with high negative net radiation 
and light winds; neutral conditions occur with 
cloudy skies or high wind speeds. 
The net radiation index used with wind speed 
to obtain stability class is determined by the 
following procedures: 
1) If the total cloud cover is 10/10 and 
the ceiling is less than 7000 feet, 
use net radiation index equal to 0 
(whether day or night). 
2) For night-time (night is defined as 
the period from one hour before sunset 
to one hour after sunrise): 
a) If total cloud cover £ 4/10, use 
net radiation index equal to -2. 
b) If total cloud cover> 4/10, use 
net radiation index equal to -1. 
Table 13. Stability Class as a Function of 













Net Radiation Index 
2 1 0 - 1 -2 
1 1 2 3 4 6 7 
1 2 2 3 4 6 7 
1 2 3 4 4 5 6 
2 2 3 4 4 5 6 
2 2 3 4 4 4 5 
2 3 3 4 4 4 5 
3 3 4 4 4 4 5 
3 3 4 4 4 4 4 
3 4 4 4 4 4 4 
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3) For daytime: 
a) Determine the insolation class 
number as a function of solar 
altitude from Table 14. 
b) If total cloud cover < 5/10, use 
the net radiation index in Table 
13 corresponding to the insolation 
class number. 
c) If cloud cover > 5/10, modify the 
insolation class number by follow-
ing these six steps: 
1) Ceiling < 7000 ft., subtract 2 
2) Ceiling >_ 7000 ft., but < 16,000 
ft., subtract 1 
3) Total cloud cover equal 10/10, 
subtract 1. (This will only 
apply to ceiling >_ 7000 ft. 
since cases with 10/10 coverage 
below 7000 ft are considered in 
item 1 above). 
4) If insolation class number has 
not been modified by steps (1), 
(2), or (3) above, assume modi-
fied class number equal to in-
solation class number 
5) If modified insolation class 
number is less than 1, let it 
equal 1. 
6) Use the net radiation index in 
Table 13 corresponding to the 
modified insolation class 
number. 
Since urban areas do not become as stable in the 
lower layers as non-urban areas, stability classes 5, 
6, and 7 computed using the STAR program may be com-
bined into a single class (5), or classes 6 and 7 may 
be combined and identified as class 6. 
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Table 14. Insolation as a Function of Solar Altitude 
Solar Altitude 
(a) 
60^ < a 
35° < a < 60° 
15° < a < 35° 










WIND DATA INFORMATION 
It is possible to obtain from the U. S. Department of 
Commerce, National Oceanic and Atmospheric Administration 
Data Center, located in Asheville, North Carolina, a wind 
distribution by Pasquill stability class. Their computer 
program, STAR, is capable of processing wind data into month-
ly, seasonal, annual, day-night, or other special hourly 
groupings. Meteorological data from all first-order weather 
stations, military bases, airports, and other data gathering 
stations are processed at this center. 
The surface (anemometer height approximately 20 feet) 
wind distributions for a number of cities, military bases, 
and other sites have already been processed on STAR. A list 
of these stations, including pertinent information such as 
number of stability classes calculated and time periods may 
be obtained at no charge by requesting it through the center, 
However, the cost is rather high to obtain a wind distribu-
tion for a station which has not been run. The costs as 
shown in Table 15 vary depending on the number of years re-
quired and the time period. Four to six weeks are required 
between first ordering a particular distribution to be run 
and final receipt of it. Copies of previously run stations 
50 
Table 15. Costs For STAR Output Tables 

















Five, Six, or Seven Stability-
Cost 












' % t e : Copies of previously processed data may be obtained a t a 
base cost of $8.00 per f ive s t a b i l i t y d i s t r ibu t ion . Addi-
t ional s t a b i l i t i e s may be obtained a t a cost of $1.00/page. 
For example, a f ive c lass annual s t a b i l i t y WDuld cost $8.00, 
a s ix c lass $10.00, and a seven c lass $12.00. 
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may be obtained at substantial savings. The rates for these 
are included in Table 15. For previously run stations, ap-
proximately two weeks are required from initial request until 
receipt of the desired copy (1975). 
Most of the stations already processed through STAR 
have either five or six classes. This is probably due to the 
fact that the outputs are used for studies of the urban envi-
ronment. Urban areas do not become as stable in the lower 
layers as non-urban areas. Stability classes five, six, and 
seven, may then be combined into a single class five or six 
and seven may be combined and identified as six. 
Sometime it is necessary to have a seven stability 
distribution for a particular station. Such an instance 
would be in the derivation of the 5%x/Q value. In this case, 
the wind distributions for the F and G stabilities are re-
quired since they repreisent the most stable conditions and 
therefore the stabilities under which the 5%x/Q value is most 
likely to occur. 
For nuclear powesr plants, the actual on-site wind dis-
tribution must eventually be obtained. However, in most 
instances, the seven stability distribution from a nearby 
meteorological station is used for a first estimate. If time 
or money are limited, it may be necessary to obtain an already 
existing five or six stability wind distribution from Asheville 
This distribution could then be used to predict the full seven 
stability wind distribution. 
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Extrapolation Technique 
A method of extrapolating a seven stability distribu-
tion from a five stability distribution has been derived. 
The seven stability annual distributions for Tampa, Tallahas-
see, and Orlando, Florida have been utilized as a basis for 
proof of the validity of the technique. 
Initially the cumulative frequency of occurrence from 
G to A (Table 16) was plotted against stability on probability 
paper. The values are noted by the dots in Figures 7 through 
9 for Tampa, Tallahassee, and Orlando, respectively. If only 
a five stability distribution were assumed for the three 
sites, then the only cumulative frequency values to be plot-
ted would be for the points E through A. An imaginary "least 
squares" line passing through the points B, C, and D would 
miss the E point by approximately one-half stability unit. 
This is due to the strong influence of the D or neutral sta-
bility in the cumulative frequency. Table 17 shows that D 
stability for the three locations has the largest frequency 
of occurrence. By next assuming that the cumulative fre-
quency values of E, F, and G must lie on this imaginary "least 
squares" line, then their frequency of occurrence can be de-
termined by raising their stability values by one-half sta-
bility unit in each case. The ER, FR, and GR values noted in 
the figures represent the extrapolated values for E, F, and G. 
A "least squares" technique was used to produce the 
line B, C, D, ER, With this technique, the line is forced 
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Table 16. Cumulative Frequency of Occurrence of S t a b i l i t i e s G 
through A In Percent 
Tampa 
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Table 17. Frequency of Occurrence of Stabilities A through G 
Tampa Tallahassee 
S t ab i l i t y Frequency S tab i l i t y Frequency 
A 0.3493 A 1.2511 
B 3.9613 B 7.5091 
C 12.7286 C 12.5708 
D 51.2637 D 40.5343 
E 19.9822 E 14.7466 
F 10.5048 F 14.5183 
G 1.2101 G 8.8699 
Orlando 

















through the point ER. This is a valid procedure because the 
cumulative frequency at ER must remain equal to the original 
value of E. The y axis is defined as lying along the cumula-
tive frequency and the axis as along the stability. The line 
through the points B, C, D, ER then must follow the equation: 
(y - y^) = A (x - Xg) (B-1) 
where y^ and x are the measured coordinates of the point ER 
and A is the slope. The value for A is determined by the 





(Xi - x^)(y^ - y^) 
M 
(B-2) 
Z ^̂i ~ ̂ Ê  
i=l 
Figures 7 through 9 show the discrepancies in fre-
quency of occurrence between the predicted and extrapolated, 
E, F, and G values. The x notations in the figures indicate 
the cumulative frequency values predicted by the method. As 
shown by the figures and noted in the "% Change in Frequency 
of Occurrence" columns of Tables 18 through 20, the error 
between actual and calculated values may be significant. How-
ever, it is felt that while the method may be inadequate in 
particular instances, it would prove statistically valid if 
used for a large number of sites. 
Once the cumulative frequency values for FR and GR are 
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7o Change Between Extra-
polated and STAR Frequency 
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Frequency of Occurrence 




7o Change Between Extra-
polated and STAR Frequency 
of Occurrence Values 
E +55.8 
F - 22.8 
G - 55.0 
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Table 20. Orlando Data 
Determined from 
STAR Output 
Cumulative Frequency of 





Frequency of Occiorrence 






Cumulative Frequency of 















7o Change Bet^jeen 
Extrapolated and 









determined, the frequency of occurrence values raay be com-
puted by subtracting GR from FR and FR from ER to obtain FR 
and ER respectively. These values are included in Tables 18 
through 20. 
The same technical approach may be applied to a six 
stability STAR output. The same computation procedures apply. 
The only difference being that the "least squares fit" line 
is now derived from the points B, C, D, E, FR. 
The only problem remaining is that of assigning an 
average wind speed corresponding to each stability class. 
STAR determines an average wind speed with each stability 
distribution. Since the additional stability frequencies are 
extrapolated, however, the average wind speed cannot also be 
extrapolated. For the purposes of this thesis, the average 
wind speeds under E, F, and G stabilities were defined as 
6.5, 4.2, and 1.5 knots respectively. The E and F values 
were arrived at as an average of the observed values for 
three available seven stability frequency distributions from 
STAR. Since G stability occurs only with winds between 0 and 
3 knots, average wind speed under G was taken as 1.5 knots. 
Computer Technique 
The included computer program, F and G stabilities by 
Least Squares Fit (FGLEST), may be used to derive the fre-
quencies of E, F, and G stabilities as discussed in the extrap-
olation technique. If the STAR output has five stabilities 
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the frequency of occurrence of E, F, and G can be obtained; 
if the STAR output has six stabilities, then the values for 
just F and G can be computed. 
The program requires as input only the number of sta-
bilities in the STAR output, the relative frequency of occur-
rence of these stability classes, and the site location. The 
output consists of the "least squares fit" values through the 
points B, C, D, E R o r B , C, D, E, FR, and their corresponding 
stability values. By plotting these on probability graph 
paper, the extrapolated cumulative frequency values as shown 
in Figures 7 through 9 can be derived. 
The input is all in NAMELIST format. A description of 
NAMELIST use and characteristics may be found in most com-
puter manuals. The input parameters are introduced under the 
data set $INDATA. The following is a listing of the FGLEST 
input and an explanation of the input variables: 
FGLEST Input 
$INDATA 
N = the number of relative frequency values which will be 
inputted; N will be either five or six depending on 
the STAR output being expanded 
RELFRQ = x-| , through x^ or Xg 
the relative frequency of occurrence of the N sta-
bility classes; these should be in decimal form and 
in the order A through E or F 
ISITE = the weather station supplying the wind data; this 
may consist of 18 characters written as three six 
letter words in Hollerith format 
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Conclusions 
As seen in Tables 18 through 20, the frequency of oc-
currence values may increase or decrease by large amounts. 
It must be remembered, however, that whenever this technique 
is employed it should be employed only as a first estimate. 
The overall change in frequency of occurrence would indicate 
that the method could be used for first estimates of pollu-
tion concentrations or for other studies where an immediate 
rough approximation is needed. 
Calculation of an annual seven stability distribution 
was used only as an example in this thesis. The method may 
also be employed, using the same techniques to obtain season-
al, monthly, or other time period seven stability distribu-
tions . 
For Tampa, Tallahassee, and Orlando, the method appears 
valid for crude approximations. This would imply that for 
other Florida locations or areas of similar meteorological 
and topographical characteristics the technique could be em-
ployed. However, caution should be employed for sites dif-
fering from these characteristics. Similar studies should be 
performed for areas of different topographical and climatic 
conditions; for example, the northern Southeast, the Midwest, 
and the Plains. 
The technique will be employed in this thesis because 
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of the high cost of obtaining seven stability distributions 
for local stations near the six selected nuclear stations. 
However, cost is relevant to the case in hand. When doing a 
site selection for a nuclear power plant, the expense of 
$200 for wind data would be insignificant. The technique 
would be utilized only if time were an important factor. 
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A listing of FGLEST, a sample input and output for 
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MAIN PROGRAM 
C WILL BE CALCULATED 
C UNITX NUMBER OF STANDARD DIV IS IONS PER STABIL ITY CN THE 
. X AXIS 
DIMENSION R E L F R G ( 6 ) » C U M F R Q ( 6 ) » X < 6 J » y ( 6 ) t Y T I 6 J , Y F I T C 5 i » 
. Y INCHM15) ,YCUI» {115 ) , PFITY<5 1 , ST£ (7 ) , UNITX C7I 
DATA U N I T X / 1 0 , 2 0 , 3 0 , ^ * 0 , 5 5 , 6 5 , 7 5 / 
CATA S T e / " A " , ^ - B " , " C " , " D " , " E " , " F " , " G " / 
DATA C U M F R Q / 6 * 0 . C 0 0 0 0 0 / 
DATA YGur^/O.OlOO , 0 . 0 2 0 0 , C.03CO , 0 .0 i#00 , 0 . 0 5 0 0 t 
•Q6CC , . 0 7 0 0 , . 0 8 0 0 , . 0 9 0 0 , 
• 1 0 0 0 , 
.150C , 
. 5 0 0 0 , 
•60CC , 
. 2 0 0 0 , 
. 7 0 0 0 , 
• 3 0 0 0 « 
• 8 0 0 0 « 
• ^ 0 0 0 « 
• 9 0 0 0 f 
1 . 0 0 0 0 , 
i . e o c c , 1*^000 , 1 . 6 0 0 0 , i . d o o o • 
2 . 0 0 0 0 , 
3 . 0 0 0 0 , ^ . 0 0 0 0 , 5^00ii0 , 6 . 0 0 0 0 t 
7.UO0O , 
d.QOCC , 9 . 0 0 0 0 , 1 0 . 0 0 0 0 , 1 1 . 0 0 0 0 , 
1 2 . 0 0 0 0 , 
13.00CG , 1 ^ . 0 0 0 0 , 1 5 . 0 0 0 0 , 1 6 . 0 0 0 0 « 
1 7 . 0 0 0 0 , 
18 .0C0C , 1 9 . 0 0 0 0 , 2 0 . 0 0 0 0 , 2 2 . 0 0 0 0 , 
2if.0C0O , 
2 6 . 0 0 Q G , 2 8 . 0 0 0 0 , 3 0 . 0 0 0 0 • 3 2 . 0 0 0 0 • 
3i* .0000 , 
36 .00QC , 3 8 . 0 0 0 0 , ^ 0 . 0 0 0 0 , ^ 2 . 0 0 0 0 , 
^ ^ . 0 0 0 0 , 
^fc.OUCC , f»8.0000 , 5 0 . 0 0 0 0 , 5 7 * 0 . 0 0 0 0 / 
DATA YINCH/ .OOGCO , . 2 3 3 3 3 , . 3 6 6 6 7 , . ^ 6 6 6 7 , 
. 5 ^ 1 6 7 , 
. 6 0 8 3 3 , . 6 6 6 6 7 , . 7 1 6 6 7 , • 7 5 8 3 3 , 
• 7 9 1 6 7 , 
. 9 ^ 1 6 7 , 1 .0500C , 1 . 2 2 0 8 3 , 1 , 3 4 1 6 7 • 
1 . 4 3 5 3 3 , 
1 . 5 0 8 3 3 , 1 . 5 8 3 3 3 , 1.6-^167 , 1.7QOO0 * 
1.75G0 0 , 
1 . 8 3 3 3 3 , 1 . 9 0 8 3 3 , 1 . 9 7 5 0 0 • 2 . 0 3 3 3 3 , 
2 . 0 8 7 5 0 , 
2 . 3 0 0 0 0 , 2 . 4 6 6 6 7 , 2 . 5 9 1 6 7 , 2 . 7 0 4 1 7 » 
2 . 8 0 8 3 3 , 
2 . 8 9 i e 7 , 2 . 9 7 5 0 0 , 3 . 0 5 0 0 0 , 3 . 1 1 6 6 7 , 
3 . 1 8 3 3 3 , 
MAIN PROGRAM 
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3 . 2 ^ 1 6 7 , 3 .3C00C , 3 . 3 5 0 0 0 f 3 . 4 0 8 3 3 « 
3 . 4 5 8 3 3 , 
3 .5Q0C0 , 3 . 5 5 4 1 7 , 3«6aflOO t 3 . 6 8 3 3 2 t 
3 . 7 6 6 6 7 , 
3 . 8 4 1 6 7 , 3 . 9 1 6 6 7 , 3 . 9 9 1 6 7 t 4 . 0 6 6 6 7 , 
^ . 1 3 3 3 3 • 
4.20CG0 , 4 . 2 6 6 6 7 t 4 . 3 2 9 1 7 , 4 . 3 9 1 6 7 , 
^ . ^ 5 8 3 3 5 
4 . 5 2 0 8 3 , 4 .5875C » 4 . 6 4 1 6 7 • 5 7 » 0 . 0 0 0 0 0 / 
OIMeNSION I S I T E < 3 ) / 1 8 H / 
N A N E L I S T / I N D A f A / ^ , R £ t F R Q , I b i I T E 
READ(5 , INDATAI 
RNUMTL=0.00000 




C CALCULATE REVERSE CIM FREQ OF OCCLRRENGE " N " THRU /J 
00 5 I S T A B = 1 , N 
RELFRQ<ISTA8)=RELFRQ<ISTAB)* I O C . 0 0 0 0 
5 CONTINUE 
CUMFRQ{1)=RELFRQIN) 
DO 10 ISTAB-2,N 
CUMFRQdSTABJ = ICUMFRQ (ISTAB - 1) • RELFRQ(NN -
. ISTA8M 
10 CONFINUe 
G CALCULATE X VALUES FOR LEAST SQUARES FIT 
00 30 ISTAB- 1,N 
IFIISTAB.GE.5I GO TO 20 
X(ISTA8i = XlNCft * ISTAB 
GO TO 3 0 
20 XdSTAB) = XINCR • ISTAB + .5 • XINCR 
30 CCNTINUE 
C CALCULATE THE TOTAL DISTANCE TO THE END OF THE Y AXIS • 
. TOTAL CUM PERCENT 
DO 40 lACO - 59,115 
YlhCH(IACO) = 2* YINCH(58I - YINCH<116-IAODI 
YCUr^(IAEC) = 2 * YCUM<58) - YCUM (116-IADD) 
40 CONTINUE 
C CALCUL/JTE THE Y VALLES CORRESPONDING TO THE CUM FREC 
. VALUES. THE ORCER OF 
C THIS ARRAY MUST LATER BE CHANGEO EEFORE CALCULATING 
. THE LEAST SQUARE VALUES 
DO 6C ISTAB = l,^ 
DO 59 ICHECK = 1,115 
70 
HAIN PROGRAM 
I F i C U M F ^ I G d S T A e i .GT.YCUM(ICHECKI ) GO TO 59 
IF ICUHFRQ( IS?Aa) - yCUM( ICH£CK - 1 )3 5 5 , 5 0 f 5 7 
C I F THE CUF FREQ OF THE DATA l b NOT EXACTLY EQUAL TC THE 
. CUM FREQ VALUES OF 
C THE GRAPH PAPER THEN 00 A LINEAR INTERPOLATION 8£TWE£N 
. THE 2 CLOSEST 
C VALUES OF THE GRAPH PAPER 
57 YT<ISTAB)=(CUMFRC (ISTAB) - YCUMdCHECK - 1)1/ 
. CVCUMdCHECK) - YCLMdCHECK - 1)) 
YT(ISTAE) = YTdSTAB) * < YINCH (IC HECK) - YINCHaCHECK 
. - l)i 
. •• YINCH (ICHECK - 1) 
GO TO 60 
50 YTflSTAB) ^ YINCH(ICHECKI 
GO TO 60 
55 WRITE<6,5 61 1STAE,ICH£CK,CUMFRQ(I STA8I,YCUM«ICHECK-1) 
56 F0RHAT{^)(,"ISTA£ = ",Ilt/,i4X,"ICHECK="fI3»/»^X, 
. "GUMFRQ-"»F8,^,/, 
. ^Xt^YCUf'^'SE/.g) 
GO TO 330 
59 CONTINUE 
60 CONTINUE 
C REVERSE THE ORDER CF THE Y VALUES SC THE LEAST SQUARES 
• USES THE POINTS 
C XII),Y (i),X(2),YC2), ETC. INSTEAD OF X(II«Y(5)»X(2I«Y(^l 
DC 70 XSTA8 = 1,M 
YCISTAB)=YT(N - ISTAOI 
70 CONTINUE 
C CALCULATE A 
00 80 JSTAB = 2,N 
KSTAB=JSTAB - 1 
RNUfi = iX (JSTAB ) - X(N)) * (Y(KSTABJ - Y(M)I 
RNUhTL - RNUMTL • RNUM 
OEN = (X(JSTA8) - X(NI)** 2 
OENTL = CENTL • CEN 
80 CONTINUE 
A = RNUHTL/DENTL 
K = M - 1 
C CALCULATE LEAST SQLARES VALUES FOR V AT POINTS 8fC»Ct 
• ECIF INPUTTING 6 STA8 
YFIT(M) ^ YIM) 
DC 90 JSTAB = 2,^ 
KSTA8=JSTAB - 1 




COM¥£RT LEAST SQUARES VALUES OF Y TC PERCENfAGES 
DO l i *0 1=1 ,M 
00 135 ICHECK = 1 , 1 1 5 
I F i Y F I T ( I ) . G T . Y I h C H ( I C H E C K n GO 10 135 
I F i Y F I T U ) - YINCHdCHECK - 1 ) 1 1 ^ 0 , 1 3 0 , 1 2 0 
100 W R I T E ( 6 , 1 1 0 ) I , I C H E C K , Y F I T ( I I , y I ^ C H { I C H £ C K I 
110 F 0 R ! ^ A T U X , " I ^ " , I l , ^ X , " I C H E C K - " , I 2 , ^ X , " y F I T < I ) = ' S F 8 . 5 , 
. ^ X , " Y I N C H C I C 
• H E C K ) = " , F 8 , 5 ) 
GO TO 330 
120 P F I T Y d ) = ( Y F I T C I ) - YINCHMCHECK - 1 ) ) / ( Y I 
. NCH(ICHECK) -
• YINCHdCHECK - I I ) 
P F I T Y d ) = P F I T Y I I I * (YCUMdCHECK) - YCUMIICHECK -
• I M ^ 
YCUHdCHtCK - 1) 
GO TO Ikt 
130 P F I T Y d ) = YCUMdCHECK) 
135 CONTINUE 
1^0 CONTINUE 
PRINT ALL NEEDED VALUES TO GRAPH 
W R I T E ( 6 , 1 5 ^ ) 
1 5 ^ FCRIKATdH i ) 
WRITE t6 ,1^5S d S I T E < K ) , K = 1 , 3 ) 
1^5 F0RHAT(1X , "STAT ICN = " , 3 A 6 , / / ) 
W R I T E ( 6 * 1 5 0 i 
150 F O f i ^ A T d X , " T H E FCLLOWING VALUES CF STABILITY AND 
. CUMULATIVE PEFCEN 
•T ARE TO BE PLOTTED O N " , / ) 
WRITE(6 ,160D 
160 F 0 R h A T < l 7 X , " » • * K i- E ,KEUFFEL • ESSER CO , 
46 8 0 0 0 * * * " ) 
W R I T £ ( 6 , 1 7 0 I 
170 F C R H A T ( 1 7 X , " * » * F R O B A B I L I T Y X CQ D I V I S I O N GRAPH fAPER 
. • * " , / ) 
W R I T E ( 6 , 1 8 0 ) 
160 FCRf-ATCaXj^THE X AXIS I S DEFINED AS THE 90 D I V I S I O N 
. A X I S . " J 
W R I T £ ( b , l 8 5 l 
185 F 0 R ^ A T ( 2 X , " T H £ Y AXIS IS DEFINED AS THE PROBABILITY 
. A X I S . " ) 
W R I T E ( 6 , 1 8 6 I 
186 F0RHAT<2X,"THE S T A S I L I f Y VALUES /iRE PLOTTED ALONG THE 
. X A X I S . " , / , 
. 2 X , " T H £ CUMULATIVE PERCENT VALLES ARE PLOTTED ALONG 
• THE Y A X I S . " 
72 
MAIN PROGRAM 
K R I T E ( 6 , i g O J 
190 F C R M A T { 5 X , * * S T A B I I I T Y " , 5 X , " X VALUES" , i«X»''CUM FREQ BY"I 
W R I T E ( 6 , 2 0 0 ) 
200 F C R H A T i Z X , " C L A S S * * , 7 X , " ( U N I T S ) " , 6 > , " L E A S T S Q S " , / ) 
WRITE(6 t210> S T E I l ) , U N I T X < l i 
210 F 0 R i ^ A T C 9 X , A l , 1 2 X , I 2 » 9 X , " I O C . 0 0 0 0 «OFF THE GRAPH)*%/J 
WRITE<6 ,220 ) ISFECI ) t U N I T X < 1 ) » P F I T Y { 1 - 1 > • I = 2 , N I 
220 FURI^AT ( g X , A l , i 2 X , I 2 t l O X , F 7 . ^ , / ) 
I F C N . E Q , 6 ) GO TO 2if0 
W R I T £ ( 6 t 2 3 0 ) S T E ( 6 ) , U N I T X<6) 
230 F O R K A T ( S X t A l , 1 2 X t I 2 , l 0 X , " E X T R A P O L A T E D V A L U E " , / ) 
ZkQ W R I T £ ( 6 » 2 3 0 ) S T B i 7 ) , U N I T X C 7 ) 
W R I T E ( 6 , 2 7 0 ) N 
270 FORNATCSX,"NUMBER OF S T A B I L I T I E S INPUTTED = " , I 1 , / / / ) 
W R I T E ( 6 , 2 8 0 ) 
280 F C R M A T ( 5 X , " S T A B I L I T Y " , 5 X , " R E L A T I ^ < £ " , 5 X , " C U M FREG B Y " ! 
W R I T £ ( 6 , 2 g 0 ) 
290 F ORM AT i 7 X , " C L A SS" ,7X , "FREQUENCY" , 3 X,"ACTUAL VALU£S"S/ I 
W R I T £ ( 6 , 3 0 Q ) (STE ( I ) ,RELFRQ< I ) ,CLMFRGC N N - I l t I = l , N ) 
300 F O R M A T C 9 X , A 1 , 1 0 X , F 7 . ^ , 6 X , F 8 , ^ , / ) 
C WRITE X 4- Y DISTANCES 
WRITE(6 ,3Q5) 
305 FCRMATCIHI) 
WRITE<6,31 f l ) 
310 F O R H A T i / / / , 1 0 X , " X D ISTANCE" , 10 X , * 'Y D I S T A N C E " , / ) 
WRITE(6»320) (STB ( I ) , X ( I I , Y I I - l ) , I = 2 ,N) 
320 F 0 R M A T ( 5 X , A l , i # X , F 8 . 5 , 1 2 X , F 8 . 5 , / ) 
WRITEi6 ,325) 




SAMPLE INPUT TO FGLEST 
$INDATA 
N = 5 
RELFRQ = .014249, .080285, .111248, .387245, .406974 
INSITE = 6HBAT0N, 6HR0UGHE, 3HLA 
$END 
74 
SAMPLE OUTPUT FROM FGLEST 
STATION = BAIONI ROUGE LA . 
THE FOLLO^.IN& VALUES OF STABILITY AND CUMULATIVE PERCENT ARE TO BE PLOTTED ON 
* * * K + E rKFUFPEL + E S S E R CO » 4f, 8 0 0 0 * * * 
• • * P R 0 B A 3 I L [ T Y x 9o DIVISION GRApH PAPER * * 
THE X AXIS IS DEFINED AS THF 90 DIVISION AXIS. 
THE Y A X I S I S D E F I N E D AS T H ? PRodABlLITY AX IS . 
THE STALULIIY VALUES ARE PLOTTET) ALONG THE X AXIS. 





cuvi FREQ BY 
LEAST SQS 
A 10 100.0000 (OFF THE GRAPH) 
B 20 98.2803 
C 30 92.5613 
D UO 78.0826 












CiiM FREQ BY 
ACTUAL VALUES 
A 1.42M9 100.0001 
B 8.0285 98.5752 
C 11.1248 90.5467 
D 38.7245 79.4219 
E 40.6974 40.6974 
75 
APPENDIX C 
ESTMAT Listing, Sample Input and Sample Output 
The following is a listing of the computer program 






DIMhNSION HtADRl ( ?()) , ML ADR^ ( ̂ 0 ) 
DIMFNSIUN RFLFRU(7)rwS(7),XQ(I6r/)fCUM(7),STAB(7) 
I) I Mh NS 1 ON H T ( 1 b ) , f LE V ( 1 6 ) , I) I R ( I 6 ) 
DI M E N S I O N SIGMAYC 16, n r S l G M A ^ ( I6f 7) J ) I S T ( 1 6 ) 
I) ATA S I A H / •' A ••, " B " , •• C " , " I)" f " E " , " F " , " G " / 
DAfA DIR/" N","NNF",» NE%"FNF"," fc,","tSF"r" SE'% 
. '\SSF%" 3"r 
"vSSW"," SW","WSW"," W","WNW"^" NW","NNW"/ 
DAIA X.0/tl?*O,O/ 




PI = 'h.\^\b9^bbl\ 
N A M F L I S I / I N P U T / K t L H R U , W S , H T , P H T , D I S T , C A 
R F A D C D r S ) HE ADR 1 
5 FORMA fC^OA'O 
RhAD(S,b) UFADR^ 
READ(SrINPUT) 
CALCULATE THE: FLFVAflON AT THE EVUALATIUN POINT 
00 6 J=l,lb 
ELEVC J)=HT(,1) - PHI 
6 C O N T I N U E 
C A L C U L A T E THE CUMULATIVE; F R E Q U E N C Y FROM G THROUGH A 
C U M ( 1 ) = R F L E R U ( / ) 
DO 10 l=c>,7 
C U M ( I ) = CUM(T - 1) t R E L F R Q ( 0 - I) 
10 CONlINUE 
CALL 8 11; Y 7 ( D I S T , S IG M A Y , S I G M A Z ) 
CONVERT k^IND vSPEED ERUM KNOTS TO M/SEC AND C A L C U L A T E X/Q 
DO 5i 1=1,7 
wsc r) = ws(T) A o.siaaa^ 
53 CONTINUE 
DO ?l J=l , 16 
DO ?0 I = I , / 
NUM=0,0 
DFNOM=0,0 
NUM = EXP(- (ELhV(J) ** ?/(? * (SIGMAZCJ,!) ** ? )))) 
DtNOM = WS(I) * t PI * SIGMAY(J,I) * SIGMAZCJ,!) t CA) 
XQ(J,I) = NUM / DENOM 
?{) CONTINUE 
?\ CONTINUE 






















DO lOSO J=l r 16 
IFCJ.FQ,!) GO TO r'OOl 
1F(MI)I)CJ,?) .Nfc.O) WRITE (6, 16) 
CONTINUF 
WR IT h ( 6, 1 0 0 0 ) I) I R ( J ) r D KS T ( J ) , ELF V ( J ) , PHT 
f-ORMAT( 10X,"l)IRFCTIf3N = % A3r SX , " D 1ST ANCE = "rF7,l# 
" M " , b X , 
"ELFVAlinN = % F 7 . l,"M",bX,"PLANT HEIGHT = F7.1 
" M " , / ) 
wRnE(6,30) 
F ORM A 1 (10 X,"ST AH1LIT Y"r 8X,"REL ATI V t"f 7 X,"CUMUL A TIVE", 
lOX," E'M6X, 
"SIGMA Y",IIX,"SIGMA /") 
WRJ TE(6,40) 
FORMA I ( l^Xr" CLASS", 1 OX, "H RhQUENC Y " , 6X , "FREOIJENC Y" ̂  8X r 
" (Si:(:/M**3) ", 
1 5X,"(M)% 16X,"(M)%/) 
DO 6 0 1 = 1r 7 
WRni:(6,S0) STAR(n,RELFRQ(I),CllM(H - I),XQ(J,I), 
SIGMAY ( J, I ) ,. 
SIGMAZCvl, I) 
FORMAT(iaX,Al,l?Xrh/.3,9X,F7.3,7X,ElU^,9X,F10.3r8X, 











SiiH WOU ( T Nt S 1G Y 7 ( D I S T , S I GM A Y r S I GM A Z ) 
DIMENSION A( 11 ) ,H( 11 ),C( 1 U,!)(7),E (7) 
DIMENSION DISTKMClb),SIGMAY(16,7)rSIGMAZ(16,7)f 
DISK 16) 
DATA A/.00US7() , ,0471 , ,10B , .10"^ , 
.()9Si , .0b3l , 
.o:^9o, ,a66 , I. OB , 6.81 , a, 31/ 
DATA H/ l.9'.i , 1.1^ , .'̂ 17 , ,831 r .788 , .785 , 
./H'3 r ,6 IS/ 
.475 , ,;'sa , .^s/4/ 
DATA C/ 9.-39 , r?./-) , .OaSa , -,0S66 , -.0b38 , 
.00 39^ , .0()r»'48 f 
-.ba7 , -6.4 0 , -^b. , -IS.8/ 
DAIA D/ ^IS, , ISS. , 104. , 69.0 , SO.O , 32.5 # 
^•0.6/ 
DATA t/.874 , .895 , .917 , .9^1 , .921 , ,921 , .921/ 
DO 51 J = 1,16 
DTSlKM(vJ) = DISI (J) / 1000. 
00 50 I = 1,7 
IF(1000. - DIS1(J)) 30,20,20 
20 SIGMAZ(Jfl) = A(l) * (DISTCJ) ** R(l)) + C(I) 
GO TO 4 5 
30 CONTINUE 
IF(I ,GF. 4) GO 10 4 0 
SIGMA/(JfI) = A(I) A (DIST(J) **B(I)) + C(l) 
G O T 0 '4 5 
4 0 SIGMAZCJ,!) = A(I + 4) * (DISTCJ) ** B(I + 4))f C(I + 
. 4) 
CALCULATE SIGMA Y VALUES 






Sample Input to ESTMAT 
RIVER BEND NUCLEAR STATION 
WIND DATA FROM BATON ROUGE, LA. 
$INPUT 
RELFRQ = 1.4249, 8.0285, 11,1248, 38.7245, 21.9974, 12.8, 5.9 
WS = 2.5, 5.3, 7.6, 8.9, 6.5, 4.2, 1.5 
HT = 30.9, 32., 33.2, 33., 33.9, 32.6, 31.5, 29.4, 32.4, 30.4, 
33.8, 30.6, 33.1, 32.1, 34.7, 34.7 
PHT = 29. 
DIST = 693., 640., 640., 610., 579., 549., 533., 526., 526., 
564., 594., 625., 655., 678., 693 
cA = 692. 
$END 
80 
<x. 3 : 
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Tables 21 and 22 list the distance to the EZ and eleva-
tion at the EZ for each of the six stations. 
Of the six plants, only DPNGS had a local seven sta-
bility STAR output. The other five stations had either a five 
or six stability distribution available through NOAA. Table 
23 lists the local meteorological station for each of the six 
plants. Figures 10 through 14 are the graphs determining the 
frequency of occurrence of F and G stability for each site. 
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T a b l e 2 1 . E l e v a t i o n above Mean Sea Leve l a t t h e 
EZ Boundary f o r each S t a t i o n * * 
N u c ! l e a r S t a t i o n s 
Sector CPSES RBS DPNGS GEC ACNGS SPS 
N 2 5 6 . 4 3 0 . 9 * 1 7 . 5 6 2 2 9 . 0 39.0 5.18 
NNE 2 4 1 . 4 3 2 . 0 2 5 . 4 0 2 2 6 . 7 39.0 6.10 
NE 2 4 4 . 1 3 3 . 2 2 4 . 0 2 2 2 9 . 0 39.0 5 .71 
ENE 2 4 1 . 4 3 3 . 0 2 6 . 3 3 2 2 6 . 7 39.0 10.45 
E 2 4 1 . 4 3 3 . 9 2 3 . 5 6 2 2 6 . 7 39.0 9.14 
ESE 2 0 1 . 6 3 2 . 6 1 8 . 9 3 2 2 6 . 3 39.0 9.14 
SE 2 4 2 . 9 3 1 . 5 2 1 . 7 0 2 3 0 . 4 39.0 10.88 
SSE 2 5 9 . 4 * 2 9 . 4 1 9 . 3 9 2 3 0 . 4 41.6 11.22 
S 2 4 1 . 4 3 2 . 4 5 . 0 7 2 3 3 . 7 *44.5 11.22 
SSW 2 5 1 . 9 3 0 . 4 0 . 0 0 2 3 3 . 7 45.5 *11.76 
sw 2 5 5 . 4 3 3 . 8 0 . 0 0 2 3 3 . 7 44.5 11.22 
WSW *248 .9 3 0 . 6 0 . 0 0 2 3 3 . 7 45.3 11.77 
W 2 6 8 . 4 3 3 . 1 0 . 0 0 2 3 3 . 7 44.9 10.2 
WNW 2 4 7 . 4 3 2 . 1 0 . 0 0 2 3 2 . 5 45.5 9.54 
NW 2 4 1 . 4 3 4 . 7 0 .00 *229 .0 44.2 6.52 
NNW 2 4 1 . 4 3 4 . 7 9 . 2 3 2 2 9 . 0 43.6 8.99 
* Elevation a t v^ich the maximum 5%E occurred 
** All elevations in meters 
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Table 22. Distance to EZ Boundary for Each 
Sector for Each Station** 
Nuclear Stat ions 
Sector CPSES RBS DPNGS GEC ACNGS SPS 
N 2188.2 693.0 *1006.0 1300.0 1460.0 503.0 
NNE 2413.5 640.0 1192.0 1300.0 1448.0 503.0 
NE 2461.8 640.0 1576.0 1300.0 1500.0 503.0 
ENE 2510.0 610.0 1573.0 1300.0 2121.0 503.0 
E 2510.0 579.0 1661.0 1300.0 2129.0 503.0 
ESE 2188.2 549.0 1789.0 1300.0 1676.0 503.0 
SE 2107.8 533.0 1533.0 1300.0 1372.0 503.0 
SSE 2188.2 *526.0 1396.0 1300.0 1323.0 503.0 
S 2011.3 526.0 1341.0 1300.0 *1335.0 503.0 
SSW 1657.3 526.0 3140.0 1300.0 1524.0 *503.0 
SW 1509.2 574.0 6250.0 1300.0 1455.0 503.0 
WSW *1417.5 594.0 5731.0 1300.0 1455.0 503.0 
W 1850.4 625.0 5701.0 1300.0 1593.0 503.0 
WNW 2220.4 655.0 5914.0 1300.0 2115.0 503.0 
NW 2043.4 678.0 978.0 *1300.0 2188.0 503.0 
NNW 2027.3 693.0 978.0 1300.0 1669.0 503.0 
* Distance a t which maximum 5%E occurred 
** All distances in meters 





CPSES Dallas, Texas 
RBS Baton Rouge, Louisiana 
DPNGS Quantico, Virginia/MACS 
GEC Flint, Michigan 
ACNGS Houston, Texas 
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ACNGS - Aliens Creek Nuclear Generating Station 
ALAP - as low as practicable 
CPSES - Comanche Peak Steam Electric Station 
DPNGS - Douglas Point Nuclear Generating Station 
ESTMAT - computer program estimate 
EZ - exclusion zone 
FGLEST - computer program F and G Stabilities by Least Squares 
Fit 
GEC - Greenwood Energy Complex 
km - kilometer 
KWe - kilowatts electric 
LPZ - low population zone 
m - meters 
NOAA - National Oceanic and Atmospheric Administration 
NRC - National Regulatory Commission 
PSAR - Preliminary Safety Analysis Report 
RBS - River Bend Station 
SAR - Safety Analysis Report 
SPS - Surry Power Station 
STAR - computer program Stability Rose 
U.S. - United States 
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DEFINITIONS 
ALAP - refers to the criterion that radioactivity releases 
to the environment be as low as is practicably achievable 
taking into account the state of technology, and the eco-
nomics of improvements in relation to benefits to the public 
health and safety and to the utilization of atomic energy in 
the public interest. 
dose - the quantity of radiation absorbed 
exclusion zone - that area surrounding the reactor in which 
the reactor liscensee has the authority to determine all 
activities including exclusion or removal of personnel and 
property from the area; this is a physical area usually de-
termined by a fence around the outer boundary. 
low population zone - the area immediately surrounding the 
exclusion area which contains residents, the total number 
and density of which are such that there is reasonable prob-
ability that appropriate protective measures could be taken 
in their behalf in the event of a serious accident; the ac-
tual boundary of this area is not physical. 
population center distance - the distance from the reactor 
to the nearest boundary of a densely populated center con-
taining more than about 25,000 residents. 
rem - a measure of the energy deposited in human tissue by 
ionizing radiation of any sort that enters the tissue. 
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10 CFR 100 - a NRC regulation which provides guidance in the 
evaluation of the suitability of proposed sites for station-
ary power and testing reactors. 
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